Coordination compounds containing pyridine moiety, NS and ONS donors are of considerable importance due to the possibility of their dimetallation leading to the formation of compounds having a toxophoric nature.
Dithiocarbazate derivatives containing a heterocyclic moiety as well as metal complexes continue to arouse special interest owing to their anticancer, antituberculosis, antiinflammatory and antiulcer properties. [6] [7] [8] [9] Great attention is also given to the carcinostatic properties of these compounds which possess some degree of cytotoxic activity 10) against a spectrum of transplanted neoplasm.
6) The pharmacological properties of such derivatives and their ability to form stable complexes with transition metal ions present in trace amounts in living organisms provided the impetus for this study. [11] [12] [13] [14] In this paper, potassium picolinoyldithiocarbazate (KHP c DC) and its metal complexes were prepared and characterized by different studies.
15)

Experimental
All chemicals used were of BDH quality (British Drug House Ltd., England) or equivalent quality.
Synthesis of the Ligand Picolinoylhydrazine was prepared as described by Aggarwal and Rao. 16) Potassium picolinoyldithiocarbazate (KHP c DC) was prepared by stirring a mixture of potassium hydroxide (8.4 g, 0.15 mol) and picolinoylhydrazine (13.7 g, 0.10 mol) in absolute ethanol (50 ml) for about 1 h. Carbon disulphide (11.4 g, 0.15 mol) was then added and the mixture was stirred for an additional 6 h. The resulting yellow crystals of KHP c DC were removed immediately by filtration, washed with absolute ethanol and dry diethyl ether, recrystallized from absolute ethanol and finally dried in a vacuum desiccator over fused CaCl 2 . 2 ] complex was prepared by the same method using (0.28 g, 1 mmol) of ferrous sulphate in 25 ml bidistilled water. [Fe(HP c DC) 3 ] was obtained using (0.27 g, 1 mmol) of ferric chloride in 25 ml bidistilled water and (0.75 g, 3 mmol) of KHP c DC in 25 2 ] was prepared from the metal chloride in the presence of (0.82 g, 10 mmol) sodium acetate as a buffering agent. The resulting solid complexes which formed during stirring were immediately filtered off, washed several times with bidistilled water followed by an aqueous-ethanolic solution and then diethyl ether and finally dried in a vacuum desiccator over fused CaCl 2 .
Synthesis of Metal Chelates
Analyses and Measurements The metal and halide contents were determined by standard methods. 17) Carbon and hydrogen analyses were performed by the Microanalytical Unit of Mansoura University. IR spectra in the 200-4000 cm Ϫ1 range were recorded on a Mattson 5000 FTIR spectrometer as KBr discs; electronic spectra in dimethylsulphoxide (DMSO) were obtained using an UV 2-100 Unicam UV/Visible spectrometer.
1 H-NMR spectra in DMSO-d 6 solutions were recorded, using TMS as an internal reference, on a Varian Gemini (200 MHz) spectrometer. ESR spectra were made in the solid state at room temperature, with a JEOL JESRE 2 XG spectrometer (100 kHz magnetic field modulation) calibrated with 2,2-diphenyl-1-picrylhydrazyl (DPPH), at Tanta University. Magnetic moments at 25°C were determined using a Gouy balance with Hg[Co(SCN) 4 ] as calibrant. TG, DTG and DTA measurements were made in a N 2 atmosphere between 20-1000°C, using a Shimadzu thermogravimetric analyser TGA-50 with aAl 2 O 3 as a reference. Molar conductivities (L m ) for 10 Ϫ3 M, solutions in DMSO at 25°C were measured using a Tacussel conductivity bridge type CD6NG. Molecular weight measurements for all complexes were made by Rast's method 18) using camphor as a solvent.
Results and Discussion
Stoichiometries, colours, melting points, partial elemental analyses, molar conductivities and magnetic moments of the metal chelates of KHP c DC are given in 
IR and NMR Spectral Studies
The significant IR bands of KHP c DC and its metal complexes are summarized in Table 2 . The IR spectrum of KHP c DC exhibits a strong split band at ca. 1100 cm Ϫ1 (1090, 1120) assigned to n as (CSS).
13)
The two bands at 3300 and 3170 cm Ϫ1 are attributed to n(N 2 H) and n(N 1 H) modes, respectively. 20) The strong band at 1652 cm Ϫ1 is assigned to n(CϭO). The bands observed at 1590 and 994 cm Ϫ1 are assigned to pyridine ring n(CϭN) and pyridine ring breathing mode, respectively. 21) Also, the medium intensity band at 1035 cm Ϫ1 is attributed to the n(N-N) vibration. 13) Two weak, broad bands at ca. 2075 and ca. 1950 cm Ϫ1 are assigned to the stretching and bending vibrations of (N-H···O), suggesting the presence of intramolecular hydrogen bonding 13) (Fig. 1) . , indicating monodentate sulphur chelation 12, 22) ; (iii) the bands assignable to n(CϭO) and pyridine ring n(CϭN) remain more or less at the same positions, indicating that these groups do not take part in coordination and (iv) the appearance of new bands in the 430-405 and 390-380 cm Ϫ1 regions assignable to n(M-N) 23) and n(M-S), 24) respectively. In addition, the acetate complexes exhibit two new bands at ca. 1560 and ca. 1445 cm Ϫ1 attributable to n as (C-O) and n s (C-O) vibrations of the acetate group. 25) The difference (ca. 115 cm
Ϫ1
) between these two bands indicates the bidentate bonding mode of the acetate group. Moreover, the NMR spectrum of the diamagnetic Pd(II) complex displays the two signals attributable to the two protons of N 1 H and N 2 H groups at 10.05 and 9.15 ppm, indicating that NH's do not deprotonate on complexation. As expected for this complex, cis-and trans-isomers are possible, the presence of one resonance for each signal suggesting trans-configuration 26, 27) as shown in Fig. 2a . Also, KHP c DC behaves as monoanionic bidentate SS ligand coordinating through the CSS group as shown in Fig. 3 . If NS bonding occurs, the N 1 H stretching frequencies in the metal complexes should occur at lower frequencies than in the free ligand, but as Table 2 shows, in these metal chelates n(N 1 H) is shifted to higher frequencies (3232-3223 cm
). Further evidence of disulphur chelation is given by the appearance of a single strong band 13) at ca. 1100 cm
. Also, new bands appear in the 390-370 cm Ϫ1 region assignable to n(M-S). 24) However, the bands due to n(CϭO) and n(CϭN) (pyridine) remain more or less at the same positions, indicating that these groups play no part in the coordination.
In (II) ] complexes, the two water molecules exist either in the cis-or trans-form but the observation of a medium unsplit band in the 580-600 cm Ϫ1 range is assigned to the metal-oxygen stretching vibration, 25, 28) suggesting the existence of trans-form rather than the cis-form as shown in Figs. 2b, 3b .
KHP c DC can also function as a monoanionic tridentate NNS ligand coordinating through the azomethine nitrogen of the pyridine ring, the nitrogen atom of N 1 H group and the sulphur atom of the SK group, with displacement of the potassium ion from the CSSK group, forming four fivemembered rings including the metal atom. This chelation mode (Fig. 4) which is found in [M(HP c DC) 2 ] [MϭFe(II), Ni(II) or Cd(II)] is supported by: (i) the shift to higher wave number of the pyridine ring n(CϭN) and pyridine ring breathing mode 21) ; (ii) the shift to lower wave number of the N 1 H vibration band; (iii) the appearance of a strong split band at ca. 1110 cm Ϫ1 ascribed to n as (CSS), 13) indicat- ing monodentate sulphur chelation 12, 22) and (iv) the band attributable to the carbonyl group remains unaltered, indicating that this group plays no part in the coordination. Moreover, the NMR spectrum of Cd(II) chelate shows two signals at 10.25 and 9.20 ppm assignable to the two protons of N 1 H and N 2 H groups, and the presence of one resonance for each signal suggests the trans-isomer form. 26, 27) Finally, in [M(HP c DC)(OAc)(
, KHP c DC coordinates in monoanionic bridging tetradentate NONS fashion via the carbonyl oxygen and the azomethine nitrogen of the pyridine ring from one end, and the sulphur atom of the SK group and the nitrogen atom of the N 1 H group on the other, with displacement of the potassium ion from the CSSK group. Geometrical factors prevent the coordination of all the donors to a single metal ion, which must, therefore, act as a bridging unit between two metal centers, giving a polymeric structure. 29) This chelation mode as in Fig. 5 is confirmed by the following evidence: (i) the shift of both n(CϭO) and n(N 1 H) to lower wave numbers; (ii) the appearance of a strong split band near 1100 cm
, assignable to n as (CSS), indicating monodentate sulphur chelation 12, 22) ; (iii) the significant shift to higher wave numbers of pyridine ring n(CϭN) and pyridine ring breathing mode 21) and (iv) the shift to higher wave number of n(N-N). The molecular weight values (1780, 2000 and 2780) of the Zn(II), Cd(II) and U(VI)O 2 chelates, respectively, confirm their polymeric nature. In addition, the NMR spectra of Zn(II) and Cd(II) chelates indicate that the NH groups do not deprotonate on chelation.
The uranyl chelate exhibits three bands at 922, 885 and 263 cm Ϫ1 , assigned to n 3 , n 1 and n 4 vibrations, respectively, of the dioxouranium ion. 29) The force constant (F) for bonding sites of the (UϭO) vibration is calculated by the method of McGlynn et al. 30) ; the F uo value is 7.017 mdyn Å
. The U-O bond distance is calculated with the help of the equation: R u-o ϭ1.08 F Ϫ1/3 ϩ1.17. The U-O bond distance is 1.73 Å and falls in the usual region as reported earlier. 29) The new bands observed in the chelates at 520-485, 430-405, 390-365 and 285 cm Ϫ1 are tentatively assigned to n(M-O), 29) n(M-N), 23) n(M-S) 24) and n(Hg-Cl), 24) respectively.
The presence of water within the coordination sphere in the hydrated chelates is supported by the presence of bands in the 3440-3390, 1625-1605 sh and 980-955 w cm Ϫ1 ranges in the spectra of the chelates due to OH stretching, HOH deformation and H 2 O rocking.
25)
Magnetic, Electronic and ESR Spectral Studies
The magnetic moments of the metal chelates are depicted in 31) ion. The magnetic moment value (1.82 B.M.) of the Cu(II) chelate is consistent with the presence of one unpaired electron which rules out the possibility of spin-spin interaction in the crystalline state and excludes a polymeric structure.
In order to obtain further information about the stereochemistry and to determine the magnetic interaction in [Cu(HP c DC) 2 (H 2 O) 2 ], the X-band ESR spectrum in the solid state was recorded at room temperature. The spectrum is typical of those reported for axial type copper(II) complexes, 32, 33) with two g-values; g || ϭ2.279 and g^ϭ2.053 giving g av ϭ2.128. It is clear that g av ϭ(g || ϩ2g^)/3Ͼg^Ͼ2.040, characteristic of axial symmetry, with planar arrangement of the two ligand molecules around copper(II), and the two water molecules occupying the axial positions as shown in Fig. 3 . The g-values suggest a tetragonally distorted octahedral geometry 33) for the chelate, in agreement with the electronic spectral data; g || Ͼg^Ͼg e (free electron spin) indicating a d x 2 Ϫy 2 ground state. In axial symmetry, the g-values are correlated with the expression 34) Gϭ(g || Ϫ2)/(g^Ϫ2) which reflects the spin-exchange interaction between copper(II) centers in the solid polycrystalline complexes. According to Hathaway and Billig, 35) if the axial symmetry parameter GϾ4 the spin-exchange interaction is negligible whereas if GϽ4 a considerable spin-exchange interaction is indicated. In the present study, the calculated G-value for the copper(II) chelate is 5.26, indicating the absence of spin-exchange interaction between copper(II) ions. In conclusion, magnetic, electronic and ESR spectral data as well as the molecular weight measurement inferred the monomeric structure of [Cu(HP c DC) 2 ) supports the square-planar structure around the cobalt(II) ion. 12) The electronic spectra of the nickel(II) chelates display two bands in the 15748-16529 and 25316-26667 cm Ϫ1 ranges, assignable to the 3 A 2g → 3 T 1g (F) (n 2 ) and 3 A 2g → 3 T 1g (P) (n 3 ) transitions, 36) 2 ] shows an endothermic DTA peak at 205°C accompanied by 10.0% weight loss in the TG curve, which can be correlated with elimination of two molecules of water. This relatively high temperature suggests that water is coordinated. In the second step, the strong endotherm at 300°C is most probably ascribable to the partial decomposition of the complex and release of the loosely bound pyridyl nucleus 13) as shown in Fig. 6 , displaying 21.3% weight loss in the TG curve. Also, in the third step, the strong exotherm at 372°C and its connecting shoulder at 390°C in the DTA curve (16.4% weight loss) seems to be correlated with the loss of the acetate portion. 39, 40) Over the 405-690°C range (fourth step), the DTA curve displays a series of exothermic effects at 505, 565 and 660°C (28.0% weight loss) attributed to complete decomposition of the remaining portion of the organic molecule, along with rupture of the chelate bond, leaving MnS as residue comprising 24.2% of the initial mass of the complex.
For [Co(HP c DC)(OAc)] · 2H 2 O, the following phenomena occur: (i) an endothermic DTA peak at 135°C accompanied by 9.6% weight loss, which can be ascribed to the elimination of the two water molecules of crystallization; (ii) loss of the loosely bound pyridyl nucleus 13) accompanied by 21.5% weight loss and an endotherm at 345°C; (iii) strong exotherm at 390°C and its connecting shoulder at 410°C correlates with release of the acetate portion; (iv) a series of exotherms in the 420-860°C range leaves behind CoS comprising 25.0%.
[Cu(HP c DC) 2 (H 2 O) 2 ] is thermally stable up to 190°C, above which temperature the TG, DTG and DTA curves display the following phenomena: (i) an endotherm at 217°C corresponding to melting of the solid complex 12) ; (ii) a broad endothermic peak at 235°C attributed to elimination of the two coordinating water molecules; (iii) release of two pyridyl nuclei accompanied by an endotherm at 275°C; (iv) a series of exothermic effects at 500, 615, 670 and 740°C ascribed to complete decomposition of the complex, leaving CuS as a final residue representing 18.1%. 918 Vol. 48, No. 7 Thermal analyses of the studied solid complexes support the different modes of coordination between KHP c DC and the central metal ions. Also, DTA data can be used as a rapid and sensitive tool for the detection of acetate-containing complexes.
From the above discussion it is worth mentioning that the pyridine-ring azomethine group takes part in chelation, forming a stable five-membered ring including the metal atom. In contrast, in our previous study 13) on potassium nicotinoyldithiocarbazate this group played no part in the complexation, probably due to the geometrical factors which prevent the coordination of (CN) py .
